Abstract: Several researchers have suggested that a targeted diet for reducing the adipose tissue may interfere with the severity of cellulite. Others emphasize that the diet composition seems to play a more relevant role than the calorie profile for weight loss and cellulite control.
Introduction:
Cellulite is a localized skin surface irregularity that affects 85-98% of women after puberty.
1-2 Alquier and Pavot first described it in 1920 as an unaesthetic alteration of skin surface secondary to traumatic, infectious and/or glandular stimuli. 3 It is not considered a disease; therefore it does not affect life expectancy or involve risk of secondary diseases. However it may disturbe physical, mental and social wellness, with psychosocial impacts. 1, [3] [4] It is likely that the etiopathogenesis is multifactorial, and that the anatomical and structural changes in the connective and adipose tissues of women are considered the main factors. [5] [6] [7] [8] [9] [10] [11] Some authors have also cited alterations in microcirculation [12] [13] , hormonal changes, genetic predisposition and nutritionl as factors as well. [14] [15] The therapies have common goals such as:
induction of lipolysis in subcutaneous tissue;
improvement of blood flow, skin elasticity and dermal thickness and reduction of the hypertroph connective tissue septa in the hypodermis. However, the effects are limited and temporary, and therefore the results are variable 5, 24, 42, 43 .
The role of a specific diet, which reduces the adipose tissue and thus the cellulite severity is controversial 8 . Some authors believe that the diet composition is more important than the calorie profile for weight loss. 11 Changes in the diet composition, like removing simple sugars, since they can increase the level of advanced glycation end products (AGEs) and a consequent collagen breakdown, could be beneficial. 16 Another change could be a higher consumption of mono and polyunsaturated fatty acids, which is possibly correlated to the reduction of pro-inflammatory factors. 17 As well as the increase in nutrients such as zinc and vitamins A, C and D because these may act in the epidermis, derme and collagen fibers. [18] [19] And also, ingesting more fruit, vegetables and cereals that are rich in terpenoids and polyphenols, due to its control of adipocyte differentiation. 20, 21 These also contain silicon, which contribuite with the connective tissue metabolism. [22] [23] [24] [25] [26] There are very few studies evaluating the relationship between dietary patterns and cellulite.However, most of them didn't use the adequate methodology or were inconclusive. Therefore our question was if the possible change in the dietary pattern would reduce the cellulite severity by reducing the subcutaneous fat and/or improving the dermal structure.
Material and Methods:
The participants were recruited in the Cosmetic 
Anthropometric measurement
Circumferences of the waist, abdomen and hips
were measured with a non-extensible measuring tape.
The thickness of five skinfolds, at the right side of the body, with the participant standing, was taken (biceps, triceps, subscapular, abdominal and suprailiac). 28 Sums at baseline and day 90 were generated, which were later used as an indirect method to assess changes. Weight was measured using a simple electronic balance and the participant reported their height.
Body composition was assessed by bioimpedance (BIA 101 Quantum, RJL Systems Detroit, MI, USA), which is a validated non-invasive method. 29 It is a fast and accurate form to estimate lean mass and fat mass, and also has relatively low cost. 30 This was not performed during the menstruation period to avoid the interference of fluid retention.
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Skin Elasticity
Skin elasticity was evaluated using a
Cologne, Germany) on standardized points of gluteal region, and the biological elasticity (R7 value) was determined.
Collagen density and length of dermishypodermis interface line
A high-frequency (20 MHz) ultrasound (US) device (DermaScan ® C USB, Cortex Technology ApS, Denmark) was used, which allows high resolution sectional skin images up to a depth of 3mm, that show both epidermis and dermis. From the images is possible to calculate the echogenicity, which correspond to the dermal extracellular matrix density 33 , as well as the length of the line between dermis and hypodermis (the longer the line, the greater is the protrusion of the hypodermis toward the deep dermis). The measurements were taken at the same points of gluteal region that was used for skin elasticity.
Statistical analysis
The data was compared with the Paired T-test, For baseline analysis, the ITT (intention to treat) population (n=32) was considered. Table 1 shows the baseline data, including participants' mean age, weight and BMI, pregnancy history and oral contraceptive use. The food consumption data recorded in the 24-hour diet recall at baseline showed that most participants consumed industrial products, foods with high glycemic index and rich in saturated fat, more than twice a day ( Table 3) .
Photonumeric cellulite severity scale
For data analysis, we considered the mean values attributed to cellulite severity on gluteal regions, by three independent observers, at baseline and day 90 by using the PP (per protocol) population. It was observed that the total scores reduced , but the results were not significant (right side, p=0.3033; left side, p=0.3955). Figure 2 shows the cellulite clinical aspect in the gluteal region of one participant at baseline and day 90, with no noticeble difference. 
Anthropometric data and bioimpedance
Skin Elasticity
The skin elasticity showed no significant change Results from the ultrasonography Table 5 presents the mean of the measures for dermal echogenicity and the length of the dermishypodermis interface line, obtained by the US images.
The dermal density showed a significant increase for both sides (right, p=0.02; left, p=0.005). However, the length of dermis-hypodermis interface line showed no significant change. Figure 3 shows the US images of one participant 
Dietary consumption
The quantitative calculation demonstrated that the participants followed the controlled diet throughout the intervention period. By observing the macronutrient distribution, it is possible to verify that the participants consumed an average of 35% lipids, 47% carbohydrates and 18% protein from the Total Caloric Values (TCV). 
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The weight and BMI at baseline, as well as the level of physical activity corroborate with the assumption that women who are bothered by cellulite and seek treatment, generally with high expectations, are those who possess healthier life habits and higher aesthetic concern [37] [38] [39] , but, whose food habits at baseline were characterized by large amounts of high glycemic food.
Although there is no consistent evidence on which food groups affect cellulite, the analysis of the diet recall before the intervention showed that most participants were used to eating industrialized food, with high glycemic index and rich in trans fatty acids. It is possible that these food groups can be associated with cellulite. And the lack of vitamins and minerals, which act as antioxidants, may also have some impact in the dermis structure, as was pointed out by several authors.
18, 40-46 there is no guarantee that the fat in areas affected by cellulite was also reduced. Additionally, it is not possible to assert that this result can always cause improvement in the dimpled appearance of the skin surface, as previously described in the literature. 56 However, this study, despite its limitations, suggests that weight loss by a controlled diet may provide structural dermal changes..
The presence of macronutrients in the controlled diet, seems to have had a large contribution to weight loss, as the caloric food intake was maintained. 57 The controlled diet included a higher ingestion of fat when compared to the normal diet. It is important to note that this corresponded to a greater consumption of 
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In the present study, protein intake was maintained within normal limits according to DRI, 57 that is, the controlled diet was normoproteic. Clifton et al in a similar intervention did not demonstrate significant difference in weight loss among participants who followed a high proteic diet compared to a standard diet, which is in accordance to our findings. 60 However, the influence of protein intake on weight loss remains controversial, since other investigators have reported that high proteic diets contribute to satiety and consequent reduction in food consumption. 61 Considering only diet and its influence on cellulite, a study showed that a high proteic diet combined with reduced carbohydrate consumption, showed better response in reducing cellulite severity.
The participants followed a proteic diet also experienced weight loss. But this diet was also rich in fat, which was not discussed. 62 Our study demonstrated that weight loss was obtained with a diet rich in fat consumption, normal range of reduced carbohydrates and changes oriented only in relation to type of foods. There was a significant increase in dermal echogenicity in gluteal regions that could be related to an improvement in collagen tissue.
We do not have an explanation about the mechanism involved. It is possible that a reduction in collagen glycation and inflammation in the dermis and adipose tissue may have occurred, despite the short time of the intervention. The study duration was chosen so that the results could be compared to the scarce literature available [63] [64] [65] [66] [67] [68] [69] [70] .
The results for skin elasticity, contrary to our expectation, were not significant. This aspect may be related to weight loss, as it leads to metabolic abnormalities that can compromise skin elasticity. 2 Other authors have suggested that weight loss may be associated with changes in the dermis, the reduction of skin elasticity and negative interference in cellulite too. 71, 72 Non-invasive interventions for cellulite, in limited period, are targeted to reduce subcutaneous fat and/or edema and not to improve skin elasticity.
The majority of the results in this study was non -significant. It is important to highlight the complexity in assessing cellulite severity, the disparity between researchers' and participants' opinion and, above all, the challenge to control this common and disconfortable disorder.
Conclusion:
This study demonstrated the efficacy of a controlled diet in reducing weight and body composition, accompained by a possible increase in collagen density, despite no effect in cellulite clinical appearance.
We believe that further studies on genes related to obesity, as well as studies on cellulite pathogenesis, Influence of the timing of switching a protein-free to a protein-containing diet on the wound healing
